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Schematic diagram of a method of coupling the multiplier tube to the pre-
amplifier
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Two electron multipliers were built. The first included all
the design changes proposed in P*rt One of this report. However, it was
found that the design was far from satisfactory for eliminating corona.
A second multiplier was built with further modifications to attempt to
eliminate the difficulties. A preliminary test indicated that although
this multiplier was less noisy than the first, the noise was still
intolerably high. Circumstances did not permit further investigation
or work on the project but it is probable that the noise emanated from
corona discharge in the preamplifier.
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PART II
The Efficiency of an Electron Multiplier Tube
The purpose of and the problems involved in the determination
of the efficiency of an electron multiplier have been set forth in Part
I of this report, which was submitted in September 19U8 before very much
experimental work was done*
An Allen tube was built but the design was modified with these
considerations in mind:
(1) The first dynode would be at ground potential while the
lart was at about 1*500 volts positive.
(2) In order to reduce the possibility of corona, the resistors
between stages forming the voltage divider were placed inside the
electron multiplier where they would be in the vacuum,
(3) Since the multiplier was also to be used as a Faraday Cage,
it was considered necessary to bring out a lead for each dynode so
that they could all be shorted together to permit the electrons col-
lected on the dynodes to be measured along with those collected on
the cage walls*
(h) A ready made Stupakoff eyelet of approximately the sane
dimensions as the Dare and Rowen specially constructed eyelets were
used in the assembly.
(5>) Since Dare and Rowen had considerable difficulty with
vacuum leaks around their eyelets, the eyelets were mounted from
the outside of the baseplate rather than the inside.
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(6) The size cf the flange at the base of the shell was in-
creased to permit drilling an additional row of holes for bolting
the multiplier to the beta ray spectrograph.
(7) It> reduce the pumping time, the size of the tubing at the
base of the multiplier was increased from one half inch to one inch.
The machining was done in the Nuclear Science and kn^neering
Laboratories machine shop.
It was originally planned to use Kicalex for the supporting
plates as Dare and Rowen had done, but the machine shop reported extreme
difficulty in drilling the material. Consequently it was decided to
change to mica, which was known to have worked successfully for T. E.
Wright and T. M. Hahn, Jr.
In order to cut down the time the dynodes were to be exposed to
the atmosphere between heat treatment and the time they actually were put
under vacuum, the time of assembly of the dynodes in the supporting plates
was reduced from 30 minutes to 5 by drilling in the procedure. It was
found that two cm. of the extending nickel wire was the optimum length for
assembling quickly. Having all the wires cut to the same length and two
centimeters long, was a considerable factor in speeding up the assembly.
While the parts for the multiplier were being machined a pre-
amplifier was built for coupling to the high voltage output lead of the
electron multiplier.
It was small and compact and desi Tied for mounting directly be-
low the electron multiplier. It was modified from a design by T. ,rlmett
for use with a photomultiplier. See fig. 23.
The characteristics of this preamplifier along with the ampli-
fier unit built by Dare and Rowen were examined. i . 2U shows the response
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of the combination with a given signal. The preamplifier alone was found
to have a gain of three*
It is evident that with even two of the stages of the Dare Rowen
amplifier cut out the amplifier is overloaded with an input pulse of seven
volts amplitude.
It appears that when the amplifier is overloaded very much it
acts like a blocking oscillator. This is a serious drawback particularly
when a scaler with a fast resolving time such as the 0. E. Decade scaler
is used, since it will count pulses such as that of fig. 2Ub as two pulses.
A ringing of large amplitude gives additional pulses to the scaler which
is sensitive to pulses greater than ten volts in amplitude and has a
resolving time of about 1CT? seconds. However, since it is doubtful that
the largest pulses from the electron multiplier exceed one volt, there
would be little "over-pulsing" with one of the stages cut oujt. Data was
taken in an attempt to ascertain whether or not Dare and Rowen* s Allen
tube was generating pulses of such large amplitude that triple and quad-
ruple pulses were being generated where only one should be recorded. Ap-
pendix D shows the table of data taken in a series of ten one minute runs.
The number of single, double, triple, and quadruple pulses registered in
each minute period while observinp the background count of the Dare Rowen
Allen tube is recorded.
The data was first treated as though each multiple pulse was
actually a single pulse and the "Chi test" for randomicity applied (See
. Next the data was treated so that the multiple pulses counted as
so many single pulses. Ifce results from the first test were such that
the data may be considered satisfactory in terrcs of randomicity if the
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multiple pulses are considered as singles, that is, the value of 0.85
for P is well within the Units of 0.02 and 0.98. But by the second
treatment much better results were obtained since the value of P coses
out .5I4 which is close to the optimum of .50. Ttius in all probability
there was no overloading of the Dare Rowen Amplifier by the Allen tube.
As mentioned in ] art I of this report, it is essential that a
scaler of fast resolving time be used when comparing the number of out-
put counts with the input current, since it is desirable to be able to
measure a current of 1CT^5 amperes with an accuracy of t h%» A standard
Schmidt type scale of sixty four was built in the Nuclear Science and
Engineering Electronic shop to be used in series with the General Electric
decade scaler* Since the 0. E. is a scale of 100, when the two are com-
bined there is a total scale down of 61*00 to one. Since the Schmidt scaler
is not quite as fast as the G. E. it was placed after the 0. E. scaler.
The Allen tube is a type I counter (E-ii). That is, it is not
deadened to a succeeding impulse while one pulse is in the process of
being recorded. A current of 10^5 amperes would give us a true counting
rate of about 5000 counts per second. Taking the resolving time as 2x10*7
seconds, the actual counting rate will be
n s He where N is true counting rate
T is resolving time
for N n = N(l-fc ) = 5000 (1-5000 x 2 x 10"7) 5000 (1 - 10r3)
or there will be a statistical error of lAO of one per cent between the
actual counting rate and the true counting rate. This is negligible com-
pared to the error of three or four per cent expected in the input current
measurement to be made by the Compton electrometer.
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Originally it was planned to measure the input current with
a balanced DuBridge circuit. However, on the advice of Professor Not-
tingham, who also offered to lend the necessary equipment, it was planned
to change to a Compton electrometer as a measuring device, rrofessor
Nottingham pointed out that although the DuBridge circuit provides for
stabilizing for variations in supply voltage and so forth, actually the
FF-5Us themselves are more unstable than the items the circuit was de-
signed to stabilize.
The eyelets were mounted in the base of the electron multi-
plier by a glassblower in R.L.E. glass blower shop, who heated it in an
oven, applied the soft solder and dropped in the eyelets. Three eyelets
had to be replaced due to cracks developing in the glass. When the base
and tube shell were assembled, a small leak around one of the eyelets
^ras found but it was easily stopped with a daub of glyptal.
The beryllium copper dynodes were sanded with three grades of
fine sandpaper and were degreased before hydrogen firing. They were hy-
drogen fired at 600° C, for ten minutes. From the time of completion of
the firing until the dynodes were assembled in the sideplates, all joints
soldered and cleaned? and the assembly placed under vacuum,one hour and
fifteen minutes elapsed. Pressure dropped slowly over the next twenty-
four hours to 10-5 mm of mercury. It was allowed to remain over the
weekend after which pressure had dropped to ?.UxlCT" mm of mercury.
*£hen voltage was applied the pressure rose to about 1\J~* mm
and gradually dropped again.
The Dare Rowen amplifier was set with all stages cut in and with
the biases r-1 and F-2 set at 3,£ volts and S>.$ volts respectively. The
output of the Bare Rowen amplifier was lead to the first stage of the

decade scaler and the decade scaler set for 100-1 reductions its output
was fed into the Schmidt scaler.
A background count of anywhere from 30,000 counts to 60,000
counts per minute resulted for U,200 volts on the multiplier.
Pig. 25 is a typical curve of the noise as a function of vol-
tage.
Several weeks were spent in attempting to track down and reduce
the noise sources. Considerable noise developed even with no voltage on
the multiplier.
Also, Dr. Getting pointed out at this time that there was a
basic fault in the construction of the multiplier, in that there was no
resistor independent of the power supply condenser across which the signal
could be developed. Correcting this entailed the labor involved in instal-
ling the six kilohm resistor shown in fig. 23 between the k.5 Kv power
supply and the collector electrode.
On the assumption that the noise was due to corona, the glass
eyelets and the base plate were thoroughly cleaned with acetone, then
Ceresin wax was painted on with a brush.
The dynodes were removed from the multiplier, the solder was
cleaned off all joints and the entire assembly including the mica plates
were degreased and again hydrogen fired to 6^00 C. for ten minutes.
After assembly and pumping down, the voltage was applied again
and the background rate was found to still be extremely high.
On the assumption now that the noise was perhaps due to causes
other than corona, other possible sources were investigated.
Eventually, at different times, all of the following were found
v&IB
turn
to cause background noise:
(1) Noisy preamplifier tube
(2) Bad coax cable from preamp to amplifier
(3) Preamp case not grounded properly
(h) Input to preamp not shielded
(5) Input shield not grounded
(6) Poor connections in preamp
(7) Poor connection between preamp and multiplier
(8) Poor connections in electron multiplier
(9) Poorly regulated power supply
Even after correcting all these faults, when the voltage was
put on the electron multiplier the background count was still large.
With the failure of all attempts to eliminate noise in this
electron multiplier, a modified design was sought which would further
eliminate cdrona. A base plate was designed and machined which had in-
stead of the previous 13 openings for eyelets only four. These four were
arranged to provide the support for the dynode assembly. Only two of the
regular Stupakoff eyelets were used; two two-inch glass insulators were
used in place of eyelets for the high voltage terminals.
With this construction there is no provision for shorting all
the dynodes together, but it is believed unnecessary to be able to do so.
The multiplier may be considered a series of condenser plates with resis-
tors between. The capacity between plates is estimated to be about 100
micromicrofarads. Since the resistance between the plates is three megohms
the time constant will be 300 microseconds or with a reasonably steady
influx of charged particles the system should come to equilibrium in one
or two milliseconds permitting true input current to be measured practically
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immediately. This does not take into consideration the capacity between
the dynodes and the shell, but the effect of that capacitance can largely
be eliminated by connecting the last dynode to the first and the shell.
This modified electron multiplier was found to be noisy also,
but only about half as noisy as the previous one. There was no oppor-
tunity to conduct further experimentation, but it is believed that most
of this noise could be reduced by rearranging the preamplifier so that the
high voltage connections between the preamplifier and electron multiplier
are reduced to a minimum. For example, the coupling condenser might be
mounted directly on the electron multiplier base.
Fig. 26 is a photograph showing the arrangement of the equip-
ment.
Acknowledgement and thanks are due to just about everybody in
the Synchrotron Laboratory. All have assisted in one way or another with
the project.
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Appendix D
Chi Teat on Dare Rowen Electron Jftiltiplier Data








8 2 2 1
9 2 2 1






















Treating Multiple Pulses Treating Multiple Pulses
as Singles as Uul tiples
x x-I (X-X)2 X X-X (X-I)2
6 1.3 1.7 7 -.3 .1
6 1.3 1.7 9 1.7 2.9
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